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METHOD OF MANUFACTURING FOR LIQUID CRYSTAL DISPLAY DEVICE

| [Abstract]

PROBLEM TO BE SOLVED: To provide a method of manufacturing for a
liquid crystal display element, which is capable of suppressing streaky
defect caused by liquid crystal injection and shortening a time required for
the liquid crystal injection.

SOLUTION: The streaky defect is reduced by suppressing alignment of a
liquid crystal derived from its flow by subjecting the liquid crystal to linear
inflow which has conventionally been subjected to radial inflow at the liquid
crystal injection step. The inflow direction of the liquid crystal is made

nearly linear by widening the total width of the seal opening part more than
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about two thirds of an edge of the seal pattern. Furfhermore, the time
required for the liquid crystal injection is reduced to 1/3 to 1/5 of that of the

conventional method by widening the width of the seal opening part.
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[Claims]

1. A method for prepaﬁng a liquid crystal display device

"~ characterized in that a seal is formed in a rectangular pattern of a frame

shape including at least one opening at one of two substrates, the two
substrates are attached to each other to form a cell of a box shape, and
liquid crystal is injécted to the box-shaped cell from the opening, in which a
sum of the width of the opening is more than approximately 2/3 of one edge

of the spherical pattern.

2. The method of claim 1, wherein at least one of the substrates
is provided with a spacer that is used to uniform the gap of the box-shaped

cell.

3. The method of claim 1, wherein at least one of the substrates

is provided with a protrusion to uniform the gap of the box-shaped cell.

4, The method of claim 1, wherein the opening is sealed by a

positive ion polymerization resin or a radical polymerization resin.
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[Title of the Invention]

METHOD FOR FABRICATING LIQUID CRYSTAL DISPLAY DEVICE

[Detailed Description of the Invention]
[Field of the Invention]

The present invention relates to a method for fabricating a liquid
crystal display (LCD) device applied to an OA device such as a personal
computer, a word processor, a monitor display, etc. or a portable information
communication device, and more particularly, to a method for fabricating an
LCD device capable of preventing a stain from occurring at the time of a

liquid crystal injection and shortening the time taken to inject liquid crystal.

[Description of the Prior Art]

FIGURE 1 is a partial section view showing a structure of a general
LCD device. Referring to FIGURE 1, two substrates 2a and 2b respectively
having a display electrode 6a,6b and an alignment layer 7 are provided with
a spacer 4 spread to form a certain gap therebetween. A liquid crystal 3 is
injected into a gap formed as the substrates are attached to each other by a
sealant 5. Although not shown in FIGURE 1, a color filter layer is formed
below the display electrode 6b in case of displaying a color, and a thin film
transistor is formed near the display electrode 6a in case of driving an active
matrix. |

FIGURE 2 is a flowchart showing a method for fabricating an LCD
device in accordance with the conventional art. Referring to FIGURE 2, the

substrates 2a and 2b having the display electrodes 6a and 6b at surfaces
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thereof are washed. Generally, a plurality of display electrodes of an LCD
devices are formed on one substrate. Then, an aligning material of a liquid
state is applied on the substrate by an offset printing method, etc. thereby
forming the alignment layer 7 through a first firing and a second firing. Then,
a surface of the alignment layer 7 is alignment-processed by a rubbing, etc.
After the rubbing, the alignment layer is cleaned by water in order to remove
foreign materials or dirty on the surface thereof.

Then, the sealant 5 is applied on the substrate 2a as a certain pattern
by a drawing device or a screen printing method, and the spacer 4 for
forming a certain gap is spread on the substrate 2b. One example of the
drawing pattern of the sealant 5 is shown in FIGURE 7A. FIGURE 7A shows a
seal pattern 8 corresponding to one sheet of LCD device. The seal pattern 8
is generally formed as a spherical pattern of a frame shape> having the
opening 9. In FIGURE 7A, the opening 9 is installed at two parts; The
opgning 9 serves as an injection port of liquid crystal at the time of injecting
liquid crystal. Generally, the opening 9 is installed at one edge, and at least
one to four openings are installed. Preferably, a width of the opening 9 is
formed to be narrow as much as possible for' the protection of
contamination of liquid crystal by the sealant. In case of a large LCD device
of approximately 20 inches, the opening is formed to have a width less than
10mm. Also, the seal pattern 8 is generally set to be much larger than an
image display region 10 of the LCD device because an inferior image is
easily generated near the seal pattern 8 by a moisture penetration, etc. A
spherical spacer having a diameter corresponding to a cell gap is spread on

one substrate in order to form a uniform gap.
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Theh, the substrates 2a and 2b are faced to each other and surface
electrodes are aligned fo each other. Then, heating or irradiation of
ultraviolet rays is perforrﬁed with a pressurization, and the sealant 5 is
hardened. When the sealant 5 is a thermal-hardened type, heating is
performed, and when the sealant 5 is a type hardened by ultraviolet rays,
ultraviolet rays is irradiated. After removing the pressurization, re-heating or
irradiation of ultraviolet rays is performed to substantially-harden the
sealant 5. Then, the attached substrates 2a and 2b are cut according to each
LCD device. Accordingly, the attached substrates 2a and 2bis provided with
an empty box type cell therein. Inside and outside of the cell are connected
to each other by opening 9.

Then, the liquid crystal 3 is injected into the box type cell through the
opening 9. FIGURE 8 is a view schematically showing a device for injecting
the liquid crystal 3. In a vacuum tube 12, a storing unit 13 for storing the
liquid crystal is installed to immerse the opening 9 of the box type cell. The
seal opening 9 is immersed into the liquid crystal pool 13 under a state that
a pressure of the vacuum tube 12 ié in a range of 0.2 to 0.7torr, and then the
pressure of the vacuum tube 12 is converted into the atvmosphere pressure,
thereby injecting the liquid crystal 3 into the box type cell. After injecting the
liquid crystal 3, a sealing resin is applied to the opening 9 and then is
hardened to perform a sealing. Then, the LCD device is entirely annealed

thereby to re-align the liquid crystal 3.

[Problems to be Solved by the Invention]

However, in the conventional method for fabricating an LCD device, a
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phenomenon of ‘liquid crystal injection stain’ is generated at the time of
injecting liquid crystal. The liquid crystal injection stain indicates a
phenomenon that a non-uniformity of a stripe shape due to a disorder of a
liquid cryétal alignment is caused as the liquid crystal 3 flows on the surface
of the alignment layer 7. The liquid crystal injection stain can be easily
certified by observing transmitted light by using a backlight by providing
polarization plates at upper and lower portions of the cell under a state that
a power is not applied. For example, in case that the liquid crystal 3 is
injected into the cell that forms the seal pattern 8 of FIGURE 7A, stains of a
radial shape corresponding to the flow direction of the liquid crystal are
generated as shown in FIGURE 7B. The liquid crystal injection stain is
observed as non-uniformity of the same shape even when an image is
displayed on a completed LCD device, thereby deteriorating a picture quality
of the LCD device.

The liquid crystal injection stain can be removed by re-aligning the
liquid crystal for the annealing after the sealing. However, liquid crystal
injection stain much enough to influence on the picture quality of the LCD
device even after the_annealing remains on a certain cell in a fabricating
process, which causes the production yield to be lowered. Especially, in
case that materials of the alignment layer 7 and the liquid crystal 3 have a
high combination of an anchoring intensity, the liquid crystal injection stain
frequently remains.

Also, in the conventional method for fabricating an LCD device, it
takes a lot of time to inject the liquid crystal when the LCD device is large or

the cell gap is narrow. At the time of injecting the liquid crystal, the time
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taken to inject the liquid crystal is increased in proportional to an area of the
LCD device in order to inject the liquid crystal 3 only according to a
pressure difference between inside and outside of the cell and a capillary
phenomenon. Also, it takes a lot of time to inject the liquid crystal when the
cell gap of the LCD device is narrow because the liquid crystal near the
surface of the substrate has a large flow resistance. When the LCD device
has a large area, it also takes a lot of time to perform a vacuum operation
prior to the operation for injecting the liquid crystal. Accordingly, it takes a
lot of time more than 24 hours including the vacuum operation in injecting
the liquid crystal on a large panel more than 15 inches in a diagonal
direction or into a narrow gap less than 3um. If the liquid crystal is heated at
the time of the injecting operation, a viscosity of the liquid crystal is lowered
thereby to shorten the time to inject the quuid crystal. However, a volatile
component of the liquid crystal may be spread.

An object of the present invention is to provide a method for
fabricating an LCD device capable of preventing a stain inferiority at the time
of injecting a liquid crystal and capable of shortening the time to inject the

liquid crystal.

[Means for Solving the Problem]

In the present invention, a seal opening is greatly widened thereby to
linearly inject a liquid crystal from the seal opening not radially and thus to
prevent a liquid crystal injection stain. Also, the width of the seal opening is
widened thereby to greatly increase the speed for injecting the liquid crystal.

The above term of ‘linearly’ means that no obstacle that causes the liquid
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crystal to flow with detour or no curve that greatly limits a flow ambunt
exists on a flow path of the liquid crystal.

The principle that the liquid crystal injection stain is prevented by
linearly injecting the liquid crystal is not certain. However, it is assumed that
the liquid crystal injection stain is prevented because a disorder of the liquid
crystal is prevented and thereby a partial disorder of the liquid crystal is

prevented. The method for fabricating an LCD device according to the

present invention is characterized in that a seal is formed at a spherical

pattern of a frame shape having at least one opening at one of two
substrates, the two substrates are attached to each other to form a cell of a
box type, and liquid crystal is injected to the box type cell from the opening.
In the method for fabricating an LCD device, a sum of a width of the opening
is set to be more than approximately 2/3 of one edge of the spherical pattern.

Preferably, at least one of the substrates is provided with a spacer
for a uniform gap of the box type cell. The reason is because the spacer near
the opening can be easily moved at the time of injecting the liquid crystal by
widening the width of the opening.

It is also possible to install a protrusion for a uniform gap of the box
type cell at either one substrate or two substrates instead of the spacer.

The opening is preferably sealed by a positive ion polymerization
resin or a radical polymerization resin. At the time of opening the seal
opening, a contact area between the sealant and the liquid crystal is
increased and thereby impurities inside the sealant easily cause an inferior
alignment of the liquid crystal by being solved by the liquid crystal. The

positive ion polymerization resin or the radical polymerization resin has less
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impurities susceptible to be solved by the liquid crystal, thereby preventing
the inferior alignment of the liquid crystal.

Hereinafter, preferred embodiments of the present im)ention will be -
explained with reference to the attached drawings. The method for
fabricating an LCD device according to the present invention enables a
liquid crystal to be almost Iinearly injected into a box type cell by forming a
sum of a width of the opening to be more than approximately 2/3 of one
edge of a seal pattern, thereby preventing a liquid crystal injection stain and
increasing the speed for injecting the liquid crystal. Accordingly, the same
method as the conventional method except the seal pattern may be used.

FIGURES 3 to 5 are plane views showing a seal pattern in the method
for fabricating an LCD device according to the present invention. In
FIGURES 3 to 5 (R>5), the reference numeral 2 denotes a substrate, 10
denotes an image display region of an LCD device, 8 denotes a seal pattern,
and 9 denotes a seal opening. The arrow in FIGURES denotes an introduced
direction of the liquid crystal injected from the opening 9. |

Preferably, the liquid crystal has to be injected onto the image
display region 10 in a nearly straight-line path in order to prevent an inferior
image due to a liquid crystal injection stain. That is, it is preferable that the
introduced direction of the liquid crystal onto the image display region 10 is
nearly constant and the liquid crystal flow with disorder is less. In the
conventional method, the flow of the liquid crystal limited at the opening
spreads at one time towards inside of the cell, so that the liquid crystal
radially flows thereby to cause a disorder in the liquid crystal flow.

The liquid crystal is introduced with order in one direction by
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opening the opening, thereby preventing the liquid crystal from flowing with
disorder. In the present invention, a sum of a width of the seal opening 9 is
set to be more than approximately 2/3 of one edge of the seal pattern having
the opening 9, preferably more than approximately 3/4, or preferably more
than approximately 5/6. It is also possible that a sum of a width of the seal
opening 9 is set to be more than approximately 3/4 of one edge of the image
display region 10, preferably more than approximately 5/6, or preferably to
be almost equal to each other. The one edge of the image display region 10
indicates an edge adjacent to the opening 9.

FIGURE 3 is a view showing one example that one edge of the seal
pattern is used as the opening. Referring tq FIGURE 3, the liquid crystal is
uniformly injected from the entire edge of the seal pattern thereby to be
almost_ linearly injected into the cell. However, if one edge of the seal pattern
is entirely used as the opening, an entire bonding intensity of the seal 5 is
lowered thereby to cause the seal from being detached from the opening 9.
Accordingly, as shown in FIGURE 4, seal patterns. 8a are formed at both
ends of the opening, one edge of the seal pattern thereby to prevent the seal
from being detached from both edges having the opening 9 therebetween.
As shown in FIGURE 5, a seal pattern 8b of an island shape is installed at
the center of the opening 9 thereby to enhance the entire bonding intensity
of the seal 5.

In the FIGURES 4 and 5, the liquid crystal flows with disorder near
the seal patterns 8a formed at both ends of the opening or the seal pattern
8b formed at the center of the opening. However, since the seal patterns are

spaced from the image display region 10 to some degree, the liquid crystal
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can be nearly linearly injected onto the image display region 10. A
polarization plate was located on the surface of the cell to observe
transmitted light after forming the seal patterns of FIGURES 3 to 5 and
injecting the liquid crystal. However, a liquid crystal injection stain was not
almost observed in any case.

According to the method for fabricating an LCD device according to
the present invention, since the area of a liquid crystal injection port is
increased by increasing the width of the seal opening 9, the time taken to
inject the liquid crystal can be greatly shortened. FIGURE 6 is a graph
showing a relation between a sum of a width of the opening 9 and the time
taken to contain the liquid crystal (the time taken to contain the liquid crystal

completely by immersing the opening 9 into the liquid crystal pool). In

FIGURE 6, the image display region of the LCD device is approximately 15

inches, the cell gap is approximately 5um, and the temperature at the time of
injecting the liquid crystal is approximately 25°C.

As shown in FIGURE 6, the wider the sum of the width of the opening
9 is, the more the time taken to contain the liquid crystal is shortened. In
case of a panel having an image display region of 15 inches in a diagonal
direction used for the measurement shown in FIGURE 6, the sum of the
width of the conventional seal pattern was 10 to 20mm. However, in the
present invéntion, the sum of a vﬁdth of the seal pattern is set to be more
than approximately 200mm. Accordingly, in the present invention, the time
taken to contain the liquid crystal can be shortened into approximately 1/3 or
1/5 of the conventional time.

In the present invention, the same method as the conventional one
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may be used except the seal pattern. However, the opening 9 is preferably
widened by combining proper methods.

For example, when the opening 9 is widened, a spacer for forming a

gap located near the opening is easily moved at the time of injecting the

liquid crystal thereby to enable the spacer to be densely spread and thereby
to generate an non-uniform gap. Accordingly, it is preferable to fix the
spread spacer to the substrate. Fdr example, the spacer can be fixed to the
substrate by spreading a spacer on which a thermoplastic resin is coated,
then heating, and melting the resin. Also, it is possible to form a gap by
installing a protrusion or a pillar on the substrate. The protrusion or the
pillar on the substrate may be formed by remaining a part of a material of a
color filter formed on the} substrate on a pole in a color filter forming
process, or may be formed by remaining a part of a material of an electrode
or a thin film transistor formed on the substrate on a pole in a process for
forming an electrode or a thin film transistor on the substrate.

When the opening 9 is widened, a contact area between a sealant for
sealing the opening 9 and the liquid crystal 3 contained in the cel-l> is
increased. At the time of a sealing process, the sealant that has not been
hardened is in contact with the liquid crystal, so that the impurities included
in the sealant is easily solved by the liquid crystal. The impurities that have
been solved by the liquid crystal cause the liquid crystal to be aligned with
disorder. Accordingly, in the present iﬁvention in which the opening 9 has a
very wide width, a sealant containing impurities that are not susceptible to
be solved by the liquid crystal is preferably used. For example, a positive ion

polymerization resin or a radical polymerization resin is preferably used.
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[Effect of the Invention]

As aforementioned, the sum of the width 6f the opening is set to be
more than approximately 2/3 of one edge of the seal pattern, thereby
preventing a flow alignment with disorder and preVenting the liquid crystal
injection stain at the time of injecting the quuid crystal. Also, the time taken
to inject the liquid crystal can be shortened into 1/3 or 1/5 of the
conventional one by increasing the area of the liquid crystal injection port.

Also, in the present invention, the spacer for a uniform cell gap is
fixed to one side of the substrate or the protrusion for a uniform cell gap is
installed at one side of the substrate instead of the spacer, thereby
preventing the spacer near the opening from being moved and preventing a
non-uniform cell gap at the time of injecting the liquid crystal.

Additionally, in the present invention, the opening is sealed by the
positive ion polymerization resin or the radical polymerization resin, thereby
preventing the impurities included in tﬁe sealant from causing an inferior

alignment of the liquid crystal.

[Description of Drawings]

FIGURE 1 is a partial section view showing a structure of an LCD
device;

FIGURE 2 is a flowchart showing a process for fabricating an LCD
device;

FIGURE 3 is a plane view showing one example of a seal pattern in a

method for fabricating an LCD device according to the present invention;
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FIGURE 4 is a plane view showing another example of the seal
pattern in the method for fabricating an LCD device according -to the present
invention;

FIGURE 5 is a plane view showing still another example of the seal
pattern in the method for fabricating an LCD device according to the present
invention;

FIGURE 6 is a graph showing a relation between a sum of a width of a
seal opening and the time taken to charge a liquid crystali;

FIGURE 7A is a plane yiew showing one example of a seal pattern in
the conventional method for fabricating an LCD device, and FIGURE 7B is a
mimetic view showing a liquid crystal injection stain generated at the time of
using the seal pattern shown in FIGURE 7A; and

FIGURE 8 is a schematic view showing a liquid crystal injecting

device.
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